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and Collection Efficiency Correction
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/direct/phenix+sim01/phnxreco/users/Ixue/G4Sim_RefDesignLightYield

Detector Configuration

SPACAL + Inner HCal + Magnet + Outer HCal

Inner HCal: e Quter Hcal:

— Scint tile / Stainless steel - Scint tile / Fe
— R(in)=116 cm, R(out)=135 cm - R(in)=178 cm, R(out)=260.3 cm

- Scint thick : 0.7 cm, # Scint tiles:
— Scint thickness: 0.7 cm, # Scint tiles: CINt Thickness «m cintties

64x5
64x5
— Tilted-angle: 29.4°
1D projective SPACAL
SPHENIX field map
50 k, 30 GeV charge pion SPACAL

HCAL Reference Design HCAL INNER r
New sPHENIX software world /-“‘é\

G4 Step level light yield corr MAGNET ‘
G4 Step Birks law light yield |

. HCAL OUTER
Ideal towering
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Light Production and Collection Efficiency

* The light production in GEANT4 is calculated based on the Birks law.

* The light collection efficiency at different position of the scintillator tile is
different based on the test at Colorado and BNL.

Light Production (Birks law): Light Collection:
dL =
d_ = LOI d-r dE *

The total energy deposited in the slabs ]
is the sum of all the signals.

Implemented by J. Huang ]
E. Kistenev
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Previous Study vs. Current Study

Previous Study:

G4 hit level light collection
efficiency

Inner Hcal:
— Eff(R,,)=1.0, Eff(R..)=0.80

1.0 — 0.80
eff B Rout - Rzn
HCAL OUTER:

X (7“ — Rzn) + 0.80

— Eff(R,,)=1.0, Eff(R.)=0.15

eff =

1.0 —0.15
Rout - Rzn

X (7‘ — er) + 0.15

Current Study:

G4 step level light production
(birks law)

G4 step level light collection
efficiency
Inner Hcal:

— Eff(R,,,)=1.0, Eff(R. )=0.80
1.0 — 0.85

eff = —p ¥ (r— Rin) +0.85
HCAL OUTER:
— Eff(R,,)=1.0, Eff(R,)=0.15
1.0 — 0.65
eff = —q X (r = Rin) +0.65



Sampling Fraction Factors
(1) No Light production & Correction: (2) Light correction:

Escint(mu
SF(mu) = _ (mu)
Escint(mu) + Eabsorber(mu)
1400 ——— o ——— ]
C e SPACAL, SF(mu) = 0.032 .
1200~ = HCAL INNER, SF(mu) = 0.058 |
» + HCAL OUTER, SF(mu) = 0.032 ] *
1000_— ] ..E
%) C ] -
© 800~ - @]
3 » ] @)
o - ” ]
O 600_— -]
00— =
200[- . E
» ~ ]
00%%%{2
Sampling fraction factors
(3) Light correction + Birks law: c
o
@)

Escint(mu, Birks law + light corrected)
Escint(mu) + Eabsorber(mu)

SF(mu) =
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SF(mu)

2200 T

Escint(mu, light — corrected)

~ Escint(mu) + Eabsorber(mu)

= HCAL INNER, SF(mu) = 0.053
+ HCAL OUTER, SF(mu) = 0.026
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Sampling fraction factors

———— 11—
= HCAL INNER, SF(mu) = 0.054
+ HCAL OUTER, SF(mu) = 0.026
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Energy Response

No Light Production & Correction

energy response before light yield efficiency balance

§ 10° SPACAL
= HCAL INNER
= HCAL OUTER
10°
102

10

P B B B N B
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Energy Response (GeV)

* We do see energy loss due to the
light production (birks law) and
the light collection efficiency
correction.
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Light Efficiency Correction

energy response after light yield efficiency balance

- HCAL INNER
o - HCAL OUTER

10?

10

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

Energy Response (GeV)

Birks Law + Light Efficiency Correction

energy response after light yield efficiency balance

= HCAL INNER
- HCAL OUTER
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Energy response vs. LCG

No Light Production
& Correction

Light Correction

Light Correction &
Birks Law
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HCAL INNER

energy response before light yield efficiency balance

= 2 / ndf 1.028e+07 / 7867
go.14 po 2.894e-06 = 5.737e-06
> 0.06568 + 0.001051
&o.12 —

e 18
g o1 16
§ 14
$o0.08 12
>
$0.06 10
j =
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0.04 6
HCAL INNER T 2
1 1 ‘ ‘ 1 'l 1
Q0020 AT 6o TB0 200 220 240 260
longitudinal center of gravity
energy response after light yield efficiency balance
< ] 2/ ndf 9.033e+06 / 7428
2o0. o 4 1.389e-05 = 5.533¢-06
’ 0.0587 = 0.001014

HCAL INNER
'l '] '] '] 1 1 '] ']
0 120 140 160 180 200 220 240 260
energy response after light yield efficiency balance
2 / ndf 4.822¢+06 / 5873
PO 4.859e-05 = 4.517e-06
0.04342 = 0.0008278
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HCAL INNER

L L
?00 120 140 160 180

200 |.|220 § 260
longitudinal center of gravity

HCAL OUTER

energy response before light yield efficiency balance

x2 / ndf 2.655e+06 / 5444

po -0.0001515 = 3.5e-06

pi 0.07099 = 0.0006417

CAL OUTER
" R ...' .

'] l P— '] '] ']
160 180 200 220 240 260
lonaitudinal center of gravity

L 1
120 140

energy response after light yield efficiency balance
¥2 I ndf

1.541e+06 / 4336
p0  -7.352e-05 =+ 2.986e-06
p1 0.04615 = 0.0005475

'
120 140 160 180 200 220 240 260
longitudinal center of gravity

energy response after light yield efficiency balance
2 / ndf 8.703e+05 / 3434
PO -3.152e-05 = 2.509e-06
p1 0.03215 = 0.0004599

HCAL OUTER

Il Il Il Il Il 1
120 140 160 180 200 220 240 260
longitudinal center of gravity



Total Deposited Energy in Calorimetry System

Total deposited energy

. 2T ndr 2177717
3000 Constant 4670 = 28.8
O SPACAL Mean 24.24 + 0.01

- HCAL INNER Sigma 1.94 + 0.01
- HCAL OUTER
Total Deposited Energy

0 5 10 15 20 25 30 35
Total Deposited Energy (GeV)

Due to energy leakage, energy loss in magnet/electronics/support
structure, and energy loss with neutrons. The total deposited energy

in calorimeter system is 24 GeV.
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Reconstructed Energy

No Light Production & Correction

Reconstructed energy before light yield efficiency balance

#3500 r r r : e ¢/ ndf 163 /33
§ Constant 2351+ 14.7
3000 SPACAL Reco Mean 30.11 £ 0.02

= HCAL INNER Reco Sigma 3.876 + 0.018

= HCAL OUTER Reco
= Total Reco

10 15 20 25 30 35 45

40
Reconstructed Energy (GeV)

Without light production & collection

efficiency correction. The Rec energy is i T nat 189.71 27
. Ssool Constant 2896 = 17.8
over estimated to be 30 GeV due to E SPACAL Reco Voo 5419 2 0.02
that SF(mu)<SF(hadron). sooof: = HCAL INNER Reco Sigma 3.193 + 0015
T . . - HCAL OUTER Reco
e With light collection correction, the 2500ff: = Total Reco

Rec energy is ~28.5 GeV.

With Birks law + Light Correction, the
Rec energy is ~24 GeV
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Light Efficiency Correction

Reconstructed energy after light yield efficiency balance

g% T T T T T x° I ndf 160.6 / 29
§3500 Constant 2564 + 16.1
o SPACAL Reco Mean 28.46 = 0.02
3000 = HCAL INNER Reco Sigma 3.596 + 0.018

= HCAL OUTER Reco
= Total Reco

5 40

15 30 3
Reconstructed Energy (GeV)

20

Birks Law + Light Efficiency Correction

Reconstructed energy after light yield efficiency balance

45

30 35 40
Reconstructed Energy (Ge
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Summary

* The light production and collection efficiency correction is studied at
G4 step level with 30 GeV pion for HCAL sPHENIX reference design.



Longitudinal Center of Gravity

CG(EMCal) x Egep(EMCal) + CG(H1) X Egep(H1) + CG(H2) X Eqep(H?2)

LCG =
Egep(EMCal) + Eqep(H1) + Egep(H?2)

Longitudinal center of
gravity is calculated
using real center of
gravity (CG), and
weighted with total
deposited energy in
each segment.
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